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WHFKQRORJ\ LVH[SHFWHG WR VSUHDG7KHVWXGLHV VR IDUVKRZHG WKDWJOXWDWKLRQHFDQEHXVHIXO LQDURPDSUHVHUYDWLRQ
5RXVVLVet al.5RXVVLVDQG6HUJLDQLWLV1LNRODQWRQDNLet al.:HEEHUet al.EXWWKHUHVXOWV
DUH QRW FRQVLVWHQW .ULW]LQJHU et al.  %DGHD DQG $QWRFH  EHLQJ GHSHQGHQW RQ WKH ZLQH PDWUL[ LWV
SRO\SKHQROLFFRQWHQWDQGWKHSUHVHQFHRIRWKHUDQWLR[LGDQWV
&RPELQDWLRQVRIJOXWDWKLRQHDQGDVFRUELFDFLGKDYHDOVREHHQWHVWHG6RQQLet al.EXWWKHFRPSOHPHQWDU\
DFWLYLW\ RI JOXWDWKLRQH ZLWK DVFRUELF DFLG DQG ZLWK RWKHU PRVW FRPPRQ ZLQH SUHVHUYDWLYHV QHHGV WR EH PRUH
LQYHVWLJDWHG
*OXWDWKLRQHWUHDWPHQWVDUHUHFRPPHQGHGPDLQO\WRLPSURYHWKHDURPDWLFFKDUDFWHULVWLFVRIZLQHVGX7RLWet al.
ZKLFK LV XQGHUVWDQGDEOH DV WKH DURPDWLF FRPSRXQGV DUH R[LGL]HG ILUVWZKLOH EURZQLQJ DSSHDUV RQO\ ODWHU
6LQJOHWRQ
$VDUHVXOWPDQ\RIWKHVWXGLHVIRFXVHGRQWKHDURPDSUHVHUYDWLRQRIWKHZLQHVWUHDWHGZLWKJOXWDWKLRQHEXWRQO\
IHZ KDYH WDNHQ LQWR DFFRXQW WKH FKDQJHV LQ FRORXU GXULQJ DJLQJ DIWHU VXFK WUHDWPHQWV (O +RVU\ et al., 
:HJPDQQ+HUUet al., &RPX]]Ret al., (YHQ WKRXJKWKHDGGLWLRQRIJOXWDWKLRQHDSSHDUHG WRKDYHDQ
LPSURYLQJHIIHFWRQWKHDURPDRIZLQH(O+RVU\et al., WKHFRORXURIZLQHZDVDIIHFWHGLQPDQ\FDVHVDQ
LQFUHDVHG FRORXU GXULQJ VWRUDJH EHLQJ REVHUYHG &RPX]]R et al.,  $V FRORXU KDV D KLJK LPSDFW RQ WKH
FRQVXPHU HYHQEHIRUH WKHZLQH LV VPHOOHGRU WDVWHG LW LV RI LPSRUWDQFH WREHWWHUXQGHUVWDQG WKH LPSDFWRI*6+
WUHDWPHQWVRQWKHHYROXWLRQRIZLQHFRORXU0RUHDWWHQWLRQVKRXOGEHSDLGDVZHOOWRWKHHIIHFWRIFRPELQDWLRQVRI




7KHVWXG\ZDVFDUULHGRXWRQZLQHVRI WKHYDULHW\0XVFDW2WWRQHOSURGXFHG LQ6HSWHPEHU LQ WKH'HDOX





ZLQHV MXVWEHIRUHERWWOLQJ LQ)HEUXDU\7KHZLQHSDUDPHWHUV DWERWWOLQJ WLPHEHIRUHDQ\DGGLWLRQZHUHDV
IROORZVIUHHVXOSKXUGLR[LGHPJOWRWDOVXOSKXUGLR[LGHPJODOFRKROYYWRWDODFLGLW\JOWDUWDULF
DFLGYRODWLOHDFLGLW\JODFHWLFDFLGJOXFRVHIUXFWRVHJOGU\H[WUDFWJO
7KH VDPSOHV ZHUH SUHSDUHG E\ ILOOLQJ  O ERWWOHV ZLWK WKH EDVH VXOSKLWHG ZLQH DQG DGGLQJ VROXWLRQV RI
JOXWDWKLRQHDQGRUDVFRUELFDFLGREWDLQHGIURP(QRORJLFD9DVRQ7KHGRVDJHRISUHVHUYDWLYHVXVHGIRUHDFKW\SHRI
VDPSOHLVLQFOXGHGLQ7DEOH
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7DEOH6DPSOHVDQGJURXSVRIZLQHVZLWKRUZLWKRXWDVFRUELFDFLGDQGRUJOXWDWKLRQHDGGLWLRQV





























WKH WUDQVPLWWDQFH VSHFWUXP PHDVXUHG HYHU\  QP IURP  QP WR  QP LQ JODVV FXYHWWHV RI  PP RSWLFDO
WKLFNQHVV 6WDWLVWLFDO DQDO\VLV ZDV SHUIRUPHG XVLQJ JURXSV RI VDPSOHV GHILQHG LQ 7DEOH  DV GSH ± VDPSOHV
ZLWK YDULDEOH JOXWDWKLRQH FRQFHQWUDWLRQV PJOAA ± VDPSOHVZLWK YDULDEOH DVFRUELF DFLG FRQFHQWUDWLRQV
PJOAA30GSH±VDPSOHVZLWKFRQVWDQWDVFRUELFDFLGRIPJODQGYDULDEOHJOXWDWKLRQHFRQFHQWUDWLRQV
 PJO DQG FRQWURO ZLQHV JURXSVControl 0 ± VDPSOHV ZLWK QR DGGLWLRQControl AA30 ± VDPSOHV ZLWK
PJODVFRUELFDFLGDGGHG
5HVXOWVDQGGLVFXVVLRQV
(DFK VDPSOH ZDV VSHFWURSKRWRPHWULFDOO\ DQDO\VHG DQG WKH DYHUDJHV RI FKURPDWLF FKDUDFWHULVWLFV REWDLQHG LQ
DFFRUGDQFHZLWKWKHPHWKRG&,(LabIRUWKUHHUHSHWLWLRQVDUHLQFOXGHGLQ7DEOHLQZKLFKL LVWKHOXPLQRVLW\&abLV
FKURPDWLFLW\ KDE LV KXH ZKLOH a DQG b UHSUHVHQW WKH FRORXU SRVLWLRQV LQ WKH JUHHQUHG DQG \HOORZEOXH VSDFH
UHVSHFWLYHO\
7DEOH&,(Lab FRORXUSDUDPHWHUVRIWKHZLQHJURXSVWUHDWHGZLWKRUZLWKRXWDVFRUELFDFLGDQGRUJOXWDWKLRQH
*URXS L a b &ab Kab
Control 0 D F D D D
Control AA30 E E D D E
GSH PHDQVIRU*6+*6+ D D D D D
AAPHDQVIRU$$$$ E E D D E
AA30-GSHPHDQVIRU$$*6+$$*6+ E E D D E
9DOXHVZHUHREWDLQHGIRUD'LOOXPLQDQWDQGDVWDQGDUGREVHUYHUDQJOH$129$DQDO\VLVZDVSHUIRUPHGIRUWKHFRQILGHQFHOHYHO





209 Arina Oana Antoce et al. /  Agriculture and Agricultural Science Procedia  10 ( 2016 )  206 – 214 
DQGIURPWKHPHDQVRIWKH&RQWUROZLQHV$129$WHVWLQJSURYHGDVLPLODUEHKDYLRXURIWKHPHDQVRISDUDPHWHU
KabKXHDQGSDUDPHWHUaWKHSRVLWLRQRIWKHFRORXURQWKHJUHHQUHGD[LVVKRZLQJWKDWWKHVDPSOHVZLWKDVFRUELF
DFLG KDYH OHVV UHG FRPSRQHQW LQ WKHLU FRORXU LUUHVSHFWLYH RI WKH SUHVHQFH RU QRW RI JOXWDWKLRQH AA30GSH
a  h AA a  h  ZKLOH WKH VDPSOHV WUHDWHG RQO\ ZLWK JOXWDWKLRQH
KDYHDVOLJKWVKLIWWRZDUGPRUHUHGFRORXUGSH a h 
7KHFRORXUFRPSRQHQWVa DQGb VKRZHGDGLIIHUHQWEHKDYLRXUDV UHJDUGV WKHJURXS VDPSOHVSUHSDUHGZLWK WKH
WHVWHGDQWLR[LGDQWV$W WKHFRQILGHQFH OHYHO WKHSRSXODWLRQPHDQVRI UHGJUHHQFRPSRQHQW SDUDPHWHUa IRU











EHLQJ REVHUYHG DW  FRQILGHQFH OHYHO 7KH SORW RI SDUDPHWHUa SDUDPHWHUb DQGL YDOXHV )LJ  VKRZV WKH
SRVLWLRQRIHDFKVDPSOHRI0XVFDW2WWRQHOLQWKHFKURPDWLFVSDFH3DUDPHWHUaGHVFULEHVWKHUHODWLYHSRVLWLRQRIWKH
FRORXUEHWZHHQJUHHQQHJDWLYHYDOXHVDQGUHGSRVLWLYHYDOXHVSDUDPHWHUbGHVFULEHVWKHUHODWLYHSRVLWLRQRIWKH



















































































E\ WKHJOXWDWKLRQH%RWKSDUDPHWHUV DUH FRUUHODWHGZLWK WKH OHYHO RIZLQHR[LGDWLRQ± WKHKLJKHU WKHLU YDOXHV WKH




RIJOXWDWKLRQH LQ WKH UDQJHRIPJOKDVQRYLVLEOH LQIOXHQFHRQ WKHYDOXHVRISDUDPHWHUVaDQGhZKLOHDW







































D       E
)LJ9DULDWLRQRI&,(LabSDUDPHWHUaDQGhIRU0XVFDW2WWRQHOVDPSOHV
WUHDWHGZLWKFRPELQDWLRQVRIDVFRUELFDFLGDQGJOXWDWKLRQH
$V IRUSDUDPHWHUb )LJD DQ LQFUHDVHRI VRPHYDOXHV LQVLGH WKHSRVLWLYH UDQJH IURP WKHPLQLPXP WRD
PD[LPXPPHDQVWKDWWKRVHVDPSOHVZLWKKLJKHUYDOXHVGLVSOD\DVOLJKWVKLIWWRZDUGDPRUH\HOORZFRQWHQWRIWKH
FRORXU :H KDYH VHHQ HDUOLHU ZKHQ ZH FRPSDUHG JURXSV RI VDPSOHV FRQWDLQLQJ RQH W\SH RI DQWLR[LGDQW RU D
FRPELQDWLRQRIERWKDQWLR[LGDQWVDQGQRWWKHGRVDJHDGGHGWRHDFKVDPSOHWKDW$129$DQDO\VLVDQGWKH7XNH\WHVW


















2XU UHVXOWV LQGLFDWH WKDW D SRVVLEOH IRUPDWLRQ RI \HOORZ SLJPHQWV LV LQFUHDVHG E\ KLJK FRQFHQWUDWLRQV RI
JOXWDWKLRQHHVSHFLDOO\LQWKHSUHVHQFHRIKLJKFRQFHQWUDWLRQVRIDVFRUELFDFLG
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$OWKRXJKJOXWDWKLRQHFDQEORFNWKHIRUPDWLRQRIorthoTXLQRQHVZKLFKFRQIHUEURZQLVKFRORXUWRWKHZLQHVE\
UHGXFLQJ WKHP WR FRORXUOHVV SKHQROLF FRPSRXQGV LWPD\ DOVR IDYRXU FDWHFKLQ UHDFWLRQV DQG IRUPDWLRQ RI \HOORZ
SLJPHQWV
7KHVDWXUDWLRQRIWKHFRORXUFKURPD&abGLVSOD\VDEHKDYLRXUVLPLODUWRWKDWRISDUDPHWHUbLQWKHSUHVHQFHRI









DOO WKH SUHVHUYDWLYHV WKH\ WHVWHG VXOSKXU GLR[LGH JOXWDWKLRQH DVFRUELF DFLG WDQQLQ SKORURJOXFLQRO ZHUH YHU\
SURWHFWLYHDJDLQVWVXOIDQ\OKH[DQROORVVWRTXLQRQHEXWRQO\VKRZHGDGGLWLYHDQWLR[LGDQWHIIHFWV
6DXFLHU DQG :DWHUKRXVH  DOVR REVHUYHG D VLPSOH DGGLWLYH HIIHFW RI YDULRXV DQWLR[LGDQWV EXW IRXQG D
V\QHUJLVWLFHIIHFWDVUHJDUGVWKHFDWHFKLQ62PL[WXUH






$OWKRXJK WKLV OHYHO RI VXOIXU GLR[LGH QRUPDOO\ SUHYHQWV R[LGDWLRQ LQZLQHV LQ WKLV FDVH LQ WKH DEVHQFH RI
DVFRUELFDFLGLW WXUQHGRXW WKDW LWZDVQRWHQRXJKWRHQVXUHSURWHFWLRQDIWHUPRQWKVRIERWWOHVWRUDJHQHLWKHU LQ
ZLQHVWUHDWHGRQO\ZLWK62QRULQZLQHVLQZKLFKJOXWDWKLRQHZDVDOVRDGGHG
7KHVDPSOHVLQFOXGHGLQWKHJURXSVRIZLQHVQRWWUHDWHGZLWKDQ\GRVHRIDVFRUELFDFLGVKRZHGKLJKHUVLJQLILFDQW
YDOXHV RI WKH &,(Lab SDUDPHWHU a WKLV VKLIW WR PRUH UHG FRPSRQHQW RI WKH FRORXU FOHDUO\ GHPRQVWUDWLQJ WKH
RFFXUUHQFHRISRO\SKHQROR[LGDWLRQEURZQLQJ
7KHVKLIWWRPRUHUHGFRPSRQHQWRIWKHFRORXUYLVLEOHLQWKHVDPSOHVWUHDWHGZLWKJOXWDWKLRQHZDVDWWHQXDWHGE\
WKH SUHVHQFH RI DVFRUELF DFLG )XUWKHUPRUH DW KLJKHU FRQFHQWUDWLRQV RI ERWK DVFRUELF DFLG DQG JOXWDWKLRQH D
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V\QHUJLVWLF GHFUHDVH LQ WKH YDOXH RI SDUDPHWHU a ZDV REVHUYHG ZLQH EHLQJ EHVW SURWHFWHG DJDLQVW WKLV W\SH RI
R[LGDWLRQZKHQERWKDQWLR[LGDQWVZHUHXVHGLQGRVDJHVDERYHPJO
$ VLPLODU EHKDYLRUZDV REVHUYHG IRU WKHZLQH KXHZKLFK GHFUHDVHG VKDUSO\ DW KLJKHU FRQFHQWUDWLRQV RI ERWK
DVFRUELFDFLGDQGJOXWDWKLRQH
7KHSDUDPHWHUb RI WKH FRORUYDULHGRYHU D VPDOOHU UDQJH VR WKDWZKHQPHDQVRI VDPSOHJURXSV WUHDWHGZLWK
DVFRUELFDFLGJOXWDWKLRQHDQGWKHLUFRPELQDWLRQUHVSHFWLYHO\ZHUHFRPSDUHGQRVLJQLILFDQWGLIIHUHQFHZDVIRXQG
+RZHYHU ZKHQ HYDOXDWHG EDVHG RQ WKH GRVDJH RI DQWLR[LGDQWV XVHG LQ HDFK VDPSOH IRU SDUDPHWHU b WRR D
V\QHUJLVWLFVKLIW WRZDUGPRUH\HOORZFRORUZDVREVHUYHGIRUFRPELQHGKLJKHUFRQFHQWUDWLRQVRIDVFRUELFDFLGDQG
JOXWDWKLRQH7KLV VOLJKW LQFUHDVH LQ WKH\HOORZFRORXUPD\EH UHODWHG WR WKH IRUPDWLRQRI[DQWK\OLXPSLJPHQWV LQ
VSLWHRIWKHOHVVDGYDQFHGR[LGDWLRQVXJJHVWHGE\WKHREVHUYHGGHFUHDVHRIFKURPDWLFSDUDPHWHUa
7KHVH ILQGLQJV VKRZ WKDW D IUDJLOH HTXLOLEULXP LV HVWDEOLVKHG LQ ZKLWH ZLQHV LQ WKH SUHVHQFH RI JOXWDWKLRQH










































JOXWDWKLRQH RQ R[LGDWLRQ SURGXFW IRUPDWLRQ LQ ZLQHOLNH V\VWHPV %,2 :HE RI &RQIHUHQFHV    '2,
ELRFRQI
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